(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office uropeen des brevets 




(12) 



(11) EP1 197 693 A2 

EUROPEAN PATENT APPLICATION 



(43) Dat of publication: 

17.04.2002 Bulletin 2002/16 

(21) Application number: 01308303.5 

(22) Date of filing: 28.09.2001 



(51) intci7. F16K 13/00, G01N 1/00 
B01J 19/00 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSETR 
Designated Extension States- 
AL LT LV MK RO SI 

(30) Priority. 11.10.2000 US 689548 

(71) Applicants: 

• Innovadyne Technologies, Inc. 
Rohnert Park, California 94928 (US) 

• UT-Battelle, LLC 
Oak Ridge, TN 37831-6498 (US) 



(72) Inventors: 

• Johnson, James E. 
Sebastopol, California 94572 (US) 

• Diktycz, MitchelJ. 

Knoxville, Tennessee 37932 (US) 

• Plena, Neil R. 

Petaluma, California 94928 (US) 

(74) Representative: Browne, Robin Forsythe, Dr 
Urquhart-Dykes & Lord 
Tower House 
Merrion Way 
Leeds LS2 8PA (GB) 



CM 
< 

CO 

o> 

CD 



(57) A hybrid valve apparatus for use with an aspi- 
ration actuator and a dispensing actuatorto transfer fluid 
from a reservoir to a test site on a substrate surface The 
hybrid valve includes a valve assembly movable be- 
tween an aspiration condition and a dispensing condi- 
gn and a manifold device coupled to the valve assem- 
bly. The manifold device includes a fluid aspiration con- 
duit having a first aspiration port in fluid communication 
with the aspiration actuator. On an opposite end of the 
aspiration conduit is a second aspiration port in selective 
fluid communication with the valve assembly to selec- 
tively aspirate a liquid sample slug from the reservoir 
into a discrete sample path when the valve assembly is 
m the aspiration condition. The manifold device further 
includes a fluid dispensing conduit having a first dis- 
pensing port in fluid communication with the dispensing 
actuator, and a second dispensing port in selective fluid 
communication with the valve assembly. When the valve 
assembly is in the dispensing condition, the sample path 
is fluidly coupled to the dispensing actuator to selective- 
ly dispense at least one droplet of the liquid sample slug 
therefrom, while simultaneously being out of fluid com- 
munication with the aspiration actuator. In contrast in 
the asp.ration condition, the sample path is in fluid com- 
munication with the aspiration actuator, while being out 
of fluid communication with the dispensing actuator. 
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Description 

TFCHNICAL FIELD 

[0001] The present invention relates to fabrication, 
apparatus, system and methods for manipulating arrays 
of samples, reagents or solvents from a source or res- 
ervoir to a destination substrate, and more particularly, 
relates to a hybrid valve system applied to aspirate, dis- 
pense and switch fluids during large-scale chemical or 
biochemical screening assays, syntheses, arraying and 
plate spotting. 



RACKGROUND ART 

[0002] Advances in Life Sciences, particularly in ge- 
nomics and proteomlcs, have greatly increased the po- 
tential number of reactions and analyses that must be 
p rformed by the biotechnology and pharmaceutical in- 
dustries. An estimated 30 million tests are required to 
screen a typical phaimaceutical company's compound 
library against target receptors. The typical number of 
tests will increase dramatically as information is gleaned 
from the sequencing of the human genome. To meet 
these increasing throughput demands in an economi- 
cally feasible manner, miniaturization of tests is imper- 

[0003] Technological advances are enabling the dem- 
onstration and use of microscale chemical/biochemical 
reactions for performing various types of analyses. 
[0004] Implementation of these reactions at such 
smaller scales offer economies that are unmatched by 
conventional approaches. Reduced volumes can lower 
costs by an order of magnitude but conventional liquid- 
handling devices fail at the required volumes. Parallel 
implementation provides even greater advantages as 
demonstrated by the use of high-density plates for 
screening and high-density MALDI-TOF plates formass 
spectrometry analyses of proteins. The rate-l.mrt.ng 
hardware is low volume liquid transfer technology that 
is robust and scalable for compounds of interest. With 
growing demand, the development of fluid handling de- 
vices adept at manipulating sub-microliter volumes of 
multiple reagents,-is needed. 
[0005] Current systems for handling liquid reagents 
often employ a "pick and place" technique where a sam- 
ple from a source plate, usually a microliter plate, is 
picked up and placed into another reservoir known as 
the target plate. This technique is often applied for rep- 
licating plates, where scale reduction between the 
source and the target plates are beneficially realized. 
Typically, an appropriate volume is aspirated from a 
source plate and deposited to a target site on a multiple 
target plate. In this arrangement, reduced sample vol- 
um s and sample spacing are requir d for higher de- 
grees of miniaturization. 

[0006] In other advancements using "pick and place 
distribution, drop-on demand ink jet technology has 



b en adopted for accurately delivering volumes on the 
order of picoliters. This technology is not only capable 
of volumetric precision, by but also positional accuracy 
as well. These ink jet systems typically employ thermaL 
s piezoelectric, or solenoid actuation to deliver defined 
volumes of liquid sample to precise locations, increasing 
test site array density. 

[0007] Two of these approaches, in particular, thermal 
and piezoelectric ink jet technology, utilize microma- 
io chined actuation mechanisms and dispensing orrfices 
which offer non-contact dispensing from the tip without 
requiring capillary contact for flow purposes. Problem- 
atic to these devices is plugging of orifices and scalab. - 
ity While this printing technology is capable of low-vol- 
is ume, accurate delivery, the initial systems for dispens- 
ing chemical reagents lack speed and efficiency due to 
conventional switching technology. A syringe drive per 
channel is generally employed, limiting systems to a 
scale that fails to provide the required throughput. The 
20 current systems are unable to quickly switch mult.ple 
channels between large-scale metering tasks and sub- 
sequent micro dispensing tasks, failing to exploit the ad- 
vantages and the high speed afforded by this non-con- 
tact printing technology. 

25 

picm nsi IRE OF INVENTION 



[0008] The present invention provides a hybrid valve 
apparatus for use with an aspiration actuator and a d.s- 
30 pensing actuator to transfer fluid from a reservo.r to a 
test site on a substrate surface. The hybrid valve in- 
cludes a valve assembly movable between an aspira- 
tion condition and a dispensing condition, and a mani- 
fold device coupled to the valve assembly. The manifold 
as device includes a fluid aspiration conduit having a first 
aspiration port in fluid communication with the aspiration 
actuator. On an opposite end of the aspiration conduit 
is a second aspiration port in selective fluid communi- 
cation with the valve assembly to selectively aspirate a 
40 liquidsampleslugfromthereservoirintoadiscretesam- 
ple path when the valve assembly is in the aspira ion 
condition. The manifold device further includes a fluid 
dispensing conduit having a first dispensing port in fluid 
communication with the dispensing actuator, and a sec- 
45 ond dispensing port in selective fluid communication 
with the valve assembly. When the valve assembly is in 
the dispensing condition, the sample path is fluidly cou- 
pled to the dispensing actuator to selectively dispense 
at least one droplet of the liquid sample slug therefrom, 
so while simultaneously being out of fluid communication 
with the aspiration actuator. In contrast, in the aspiration 
condition, the sample path is in fluid communication with 
the aspiration actuator, while being out of fluid commu- 
nication with the dispensing actuator. 
55 [0009] In one embodiment, the hybrid valve includes 
a plurality of aspiration actuators and a plurality of dis- 
pensing actuators to transfer fluid from a plurality of fluid 
reservoirs to a plurality of test sites on the substrate sur- 
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face. The manifold device defines a plurality of inde- 
pendent fluid aspiration conduits, each of which in- 
cludes a first aspiration port in fluid communication with 
a corresponding one of the plurality of aspiration actua- 
tors, and a second aspiration port terminating at a stator 
face of the manifold for selective fluid communication 
with the valve assembly. Thus, when the valve assembly 
is in the aspiration condition, each aspiration actuator 
can be operated to selectively aspirate a respective liq- 
uid sample slug from a corresponding reservoir of sam- 
ple fluid into discrete sample paths. The manifold device 
further defines a plurality of fluid dispensing conduits, 
each having a respective first dispensing port in fluid 
communication with a corresponding one of the plurality 
of dispensing actuators, and a second dispensing port 
terminating at the stator face. When the valve assembly 
is in the dispensing condition, each dispensing actuator 
can be operated to selectively dispense at least one 
droplet of the corresponding liquid sample slug from the 
corresponding sample path. 

[0010] Accordingly, at no time are the aspiration ac- 
tuator or the dispensing actuator both in fluid communi- 
cation with the sample path when the valve assembly is 
in itherthe aspiration or dispensing condition. This ar- 
rangement is highly beneficial in that contamination of 
the dispensing actuators can be eliminated by isolating 
the aspiration paths and dispensing actuators. Moreo- 
ver, each fluid path is operatively switched between the 
aspiration actuator and the dispensing actuator ena- 
bling the use of conventional liquid handling techniques, 
such as air gaps, to isolate system hydraulic fluid during 
aspiration, and the subsequent low-volume, non-con- 
tact dispensing of the reagents orsample fluid to the test 
site. 

[0011] In the preferred embodiment, the manifold de- 
vice includes a stator face configured for rotational slid- 
ing contact with a rotor face of the valve assembly at a 
rotor-stator interface. Each of the second aspiration 
ports and the second dispensing ports terminate at the 
stator face for communication with the valve assembly. 
The manifold device further includes a plurality of pri- 
mary passages each defining at least a portion of their 
respective sample paths. Each primary passage has a 
upper communication port which also terminates at the 
stator face. The upper communication port remains in 
fluid communication with the respective sample channel 
when in the aspiration condition and the dispensing con- 
dition. Thus, the primary passage is fluidly coupled to 
the respective aspiration actuator in the aspiration con- 
dition, and fluidly coupled to the respective dispensing 
actuator in the dispensing condition. 
[0012] The hybrid valve may include a plurality of re- 
movable nozzle members mounted to the manifold de- 
vice to dispense the respective droplet. Each nozzle in- 
cludes one end fluidly coupled to a corresponding pri- 
mary passage and an opposite end terminating at a dis- 
pensing orific . 

[0013] In another aspect of the present invention, the 



manifold device may be by a plurality of laminated plate 
members which collectively define the body of the man- 
ifold. At least two plate members are fixedly mounted 
together in a manner cooperatively defining at least one 
5 of the aspiration conduits and the dispensing conduits. 
The two plate members include a first plate member 
having a first interface surface and a second plate mem- 
ber having an opposed second interface surface fixedly 
joined therebetween at a first interface. This first inter- 
ne face surface defines a plurality of first grooves which co- 
operate with the second interface surface of the second 
plate member to define at least the aspiration conduits 
or the dispensing conduits. 

[0014] The dispensing actuators may include drop-on 
*s demand ink-jet printing valving in the form of a thermal 
ink-jet valve, a solenoid ink-jet valve, or a piezoelectric 
ink-jet valve. The aspiration actuators, on the other 
hand, may include a syringe-type metering device. 
[001 5] In still another aspect of the present invention , 
a method may be provided for transferring liquid sample 
from a fluid reservoir to a test site on a target substrate. 
The method includes providing a fluid manifold device 
defining a fluid aspiration conduit having a first aspira- 
tion port in fluid communication with an aspiration actu- 
ator and a second aspiration port in fluid communication 
with the valve assembly. The manifold device further de- 
fines a fluid dispensing conduit having a first dispensing 
port in fluid communication with the dispensing actuator 
and a second dispensing port in fluid communication 
with the valve assembly. The method includes position- 
ing the valve assembly in an aspiration condition, fluidly 
coupling the aspiration actuator to a discrete sample 
path, and fluidly decoupling the dispensing actuator 
from the sample path; and actuating the aspiration ac- 
tuator to aspirate a liquid sample slug from a sample 
reservoir into the sample path. The method further in- 
cludes positioning the valve assembly in a dispensing 
condition, fluidly coupling the dispensing actuator to the 
sample path, and fluidly decoupling the aspiration actu- 
ator from the same path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The assembly of the present invention has oth- 
er objects and features of advantage which will be more 
readily apparent from the following description of the 
best mode of carrying out the invention and the append- 
ed claims, when taken in conjunction with the accompa- 
nying drawing, in which: 

FIGURE 1 is a top perspective view of the hybrid 
valve apparatus constructed in accordance with the 
present invention. 

FIGURE 2 is an exploded top perspective view of 
th hybrid valve apparatus of FIGURE 1 . 

FIGURE 3 is a schematic illustration of an assembly 



25 



30 



35 



40 



45 



50 



ISDOCID: <EP 1197693A2J_> 



3 



5 



EP1 197 693 A2 



6 



incorporating the hybrid valve apparatus of FIG- 
URE 1. 

FIGURE 4A is a top perspective view of a manifold 
device of the hybrid valve apparatus of FIGURE 1 , 5 
and illustrating the statorface interface. 

FIGURE 4B is a bottom perspective view illustrating 
the lower communication ports of the manifold de- 
vice of FIGURE 4A. 10 

FIGURE 5 is an enlarged, exploded bottom per- 
spective view of one fluid path of the hybrid valve 
apparatus in the aspiration condition. 

15 

FIGURE 6 is an enlarged, exploded bottom per- 
spective view of one fluid path of the hybrid valve 
apparatus in the dispensing condition. 

FIGURE 7 is an enlarged, top plan view of a stator 20 
face of a stator element of the manifold device. 

FIGURE 8 is an enlarged, bottom plan view of a ro- 
tor face of a rotor element of the valve assembly. 

25 

FIGURE 9 is a top plan view of the manifold device 
with the rotor face superimposed over the stator 
face at a rotor/stator interface in the aspiration con- 
dition. 

30 

FIGURE 10 is an enlarged top plan view of the rotor/ 
stator interface of FIGURE 9, in the aspiration con- 
dition. 

FIGURE 11 is atop plan view of the manifold device 35 
of FIGURE 9 in the dispensing condition. 

FIGURE 12 is an enlarged top plan view of the rotor/ 
stator interface of FIGURE 11, in the dispensing 
condition. 40 

FIGURE 13 is an exploded, enlarged bottom plan 
view of the manifold device of FIGURE 4B, illustrat- 
ing the channels and grooves of the individual plate 
members, 45 

FIGURE 14 is an enlarged, fragmentary, illustration 
of the exploded bottom plan view of FIGURE 13. 

FIGURE 15 is an exploded bottom perspective view so 
of one fluid path of an alternative embodiment hy- 
brid valve apparatus in the aspiration condition. 

FIGU RE 1 6 is an exploded bottom perspective view 
of one fluid path of the alt rnative embodiment hy- 55 
brid valve apparatus of FIGURE 15, in the dispens- 
ing condition. 



FIGURE 1 7 is an enlarged top plan view of the rotor/ 
stator interface of FIGURE 15, in the aspiration con- 
dition. 

FIGURE 1 8 is an enlarged top plan view of the rotor/ 
stator interface of FIGURE 16, in the dispensing 
condition. 

FIGURE 1 9 is an enlarged, bottom plan view of the 
rotor face of the alternative embodiment rotor ele- 
ment 

FIGURE 20 is an enlarged, top plan view of the sta- 
tor face of the stator element of the alternative em- 
bodiment rotor element. 

BEST MODE OF CARRYING OUT THE INVENTION 

[0017] While the present invention will be described 
with reference to a few specific embodiments, the de- 
scription is illustrative of the invention and is not to be 
construed as limiting the invention. Various modifica- 
tions to the present invention can be made to the pre- 
ferred embodiments by those skilled in the art without 
departing from the true spirit and scope of the invention 
as defined by the appended claims. It will be noted here 
that for a better understanding, like components are 
designated by like reference numerals throughout the 
various figures. 

[0018] Referring now to FIGURES 1-6, 15 and 16, a 
hybrid valve apparatus, generally designated 20, is pro- 
vided for use with an aspiration source 21 and a dis- 
pensing source 22 to transfer sample or reagent fluid 
from a reservoir 23 to a test site 25 on a substrate sur- 
face 26. Broadly, the hybrid valve apparatus 20 includes 
a valve assembly 27 (FIGURES 1 5 and 1 6) movable be- 
tween an aspiration condition (FIGURES 5, 9 and 10) 
and a dispensing condition (FIGURES 6, 11 and 12), 
and a manifold device 28 coupled to the valve assembly. 
The manifold device 28 includes a fluid aspiration con- 
duit 30 having a first aspiration port 31 in fluid commu- 
nication with the aspiration source 21 . On an opposite 
end of the aspiration conduit 30 is a second aspiration 
port 32 in selective fluid communication with the valve 
assembly 27 to selectively aspirate a liquid sample slug 
from the reservoir 23 into a discrete sample path 33 
when the valve assembly 27 is in the aspiration condi- 
tion. The manifold device 28 further includes a fluid dis- 
pensing conduit 35 having a first dispensing port 36 in 
fluid communication with the dispensing source 22, and 
a second dispensing port 37 in selective fluid communi- 
cation with the valve assembly 27. When the valve as- 
sembly 27 is oriented in the dispensing condition (FIG- 
URES 6, 11 and 12), the sample path 33 is fluidly cou- 
pled to the dispensing source 22 to selectiv ly dispens 
at I ast on droplet 34 of the liquid sample slug there- 
from. Importantly, in this ori ntation, the valve assembly 
27 also fluidly decouples the sample path 33 from the 
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aspiration sourc 21. in contrast, in the aspiration con- 
dition (FIGURES 5, 9 and 10), the valve assembly 27 
flu idly couples the sample path 33 to the aspiration 
source 21 , while simultaneously being out of fluid com- 
munication with the dispensing source 22. 
[0019] Accordingly, the hybrid valve apparatus pro- 
vides a switching system which regulates fluid commu- 
nication of the aspiration actuator and the dispensing 
actuator with the sample path containing the sample or 
reagent fluid. Whether the hybrid valve apparatus is in 
the aspiration condition or the dispensing condition, at 
no time will the valve assembly allow the sample path 
be in fluid communication with both the aspiration actu- 
ator and the dispensing actuator, simultaneously. This 
arrangement is beneficial in that the dispensing source 
can not be contaminated by the sampled fluid due to the 
isolating of the dispensing source from the sample path 
during the aspiration of the fluid into the sample path. 
Mor over, each sample path is operatively switched be- 
tween the aspiration actuator and the dispensing actu- 
ator enabling the micro-metered, non-contact parallel 
distribution of the reagents or sample fluid to the test 
site. 

[0020] As best viewed in the schematic representa- 
tion of FIGURE 3, the present invention is particularly 
suitable for transferring chemical or biochemical sam- 
pl s or reagents from an array of reservoir wells 38 of a 
conventional microtiter plate 40, i.e. 96 or 384 wells, to 
an array of higher-density test sites 25, i.e. a 1536-well 
microtiter plate, or for fabrication of a chip-based biolog- 
ical sensor (commonly referred to as a "microarray ,, ) 
used for performing gene expression or other screening 
experiments. Briefly, the hybrid valve apparatus is 
adaptable for printing arrays wherein the distance be- 
tween adjacent test sites 25, or test site pitch, is in the 
range of about 1 micron (urn) to about 10,000 microns 
(urn). 

[0021] Thus, in the preferred embodiment, the mani- 
fold device 28 includes a plurality of fluid aspiration con- 
duits 30, corresponding fluid dispensing condu its 35 and 
corresponding sample paths 33, which cooperate forthe 
parallel transfer of fluid from the fluid reservoir 23 to the 
corresponding test sites 25 (FIGURES 3, 4, 13 and 14). 
Briefly, each fluid aspiration conduit 30 includes a first 
aspiration port 31 in fluid communication with a corre- 
sponding aspiration source or actuator, and an opposite 
second aspiration port 32 terminating at a stator face 
surface 41 of the manifold device 28, Moreover, each 
fluid dispensing conduit 35 includes a first dispensing 
port 36 in fluid communication with a corresponding dis- 
pensing actuator 22, and an opposite second dispens- 
ing port 37 also terminating at the manifold stator face 
41 as well. 

[0022] When oriented in the aspiration condition (FIG- 
U RES 5, 9 and 1 0), the valve actuator assembly 27 per- 
mits selective fluid communication of the sample paths 
33 with the corresponding second aspiration ports 32 of 
the aspiration conduits 30 at the stator face 41 , while 



simuftaneously preventing fluid communication with the 
corresponding second dispensing ports 37 of the dis- 
pensing conduits 35. Conversely, when the valve as- 
sembly is oriented in the dispensing condition (FIG- 

5 URES 6, 11 and 12), the sample paths 33 are moved 
into selective fluid communication with the correspond- 
ing second dispensing ports 37 at the stator face, while 
simuftaneously being moved out of fluid communication 
with the second aspiration ports 32. 

w [0023] Preferably the present invention includes 
twelve (12) independent aspiration conduits 30, and dis- 
pensing conduits 35 communicating with corresponding 
sample paths 33. Thus, inherently, the hybrid valve ap- 
paratus 20 may simultaneously deliver sample or rea- 
ls gent fluid to twelve test sites. Other configurations, con- 
taining greater of lesser number of independent con- 
duits are possible. It will be appreciated, however, that 
the system can be configured for a one-to-one transfer 
of fluid, i.e., from each reagent reservoir to a designated 

20 test site. Such flexibility also tends itself to numerous 
variations of the preferred use. In particular, the hybrid 
valve apparatus can be configured for transferring sam- 
ple or reagent fluids from a given number of reservoirs 
to a different number of test sites. For instance, the 

^5 switching technology of the hybrid valve manifold device 
28 can be designed such that fluid samples from multi- 
ple aspiration reservoirs 23 are dispensed on a single 
test site. Conversely, this manifolding can be adapted 
for depositing fluid from a single reservoir 23 to multiple 

30 test sites. 

[0024] Briefly, as shown in FIGURES 1 and 2, the 
manifold device 28 is preferably sandwiched between a 
lower stator cover 42 and an upper stator ring 43 for sta- 
ble support thereof. This assembly cooperates with a 

35 track or transport mechanism (not shown) which effects 
the relative movement between manifold device 28, the 
fluid reservoirs 23 and the test sites 25 (FIGURES 1 and 
3). 

[0025] Preferably, the entire hybrid valve apparatus 
40 20 is transported between the microtiter plates 40 and 
the array of test sites 25. 

[0026] Although the hybrid valve apparatus 20 is 
adapted for simultaneously transferring multiple vol- 
umes of fluid sample or reagent to multiple chip test 

45 sites, a better understanding of the invention can be 
gained through a description of the operation thereof 
with respect to the transfer of the fluids from a single 
sample path 33 in the manifold device 28. In this de- 
scription, briefly, the aspiration actuator 21 will be fluidly 

so coupled to the manifold sample path 33, via the valve 
assembly 27, to aspirate sample fluid from the single 
reservoir 23 into the sample path. Subsequently, the 
sample path 33 will be switched, in fluid communication, 
to the dispensing conduit 35 for finely controlled dis- 

55 pensing of the sample fluid contained in the sample path 
33. Accordingly, FIGURES 5, 6 and 9-12 intentionally 
depict a single set of fluid transfer elem nts. 
[0027] RefeningbacktoFIGURES5and6, inthisem- 
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bodiment, ach sample path 33 includes a primary pas- 
sage portion 45 thereof defined by the manifold device 
28. This primary passage portion 45 extends substan- 
tially vertically therethrough in a direction substantially 
parallel to an axis 44 of the hybrid valve apparatus 20. 
Further, each primary passage 45 includes an upper 
communication port 46 terminating at the stator face 41 , 
and a lower communication port 47. 
[0028] Preferably, as best illustrated in FIGURES 5 
and 6, each primary passage 45 includes a correspond- 
ing nozzle member 48 extending outwardly from one of 
the lower communication ports 47. As will be described 
in greater detail below, each nozzle member is remov- 
ably mounted to the manifold device 28 which enables 
individual aspiration of the sample fluid therein (in the 
aspiration condition) or individual dispensing of the sam- 
ple fluid therefrom (in the dispensing condition). More- 
over, a nozzle passage 50 extends longitudinally 
through the nozzle member 48 which inherently increas- 
es the volumetric capacity of the corresponding sample 
path 33. 

[0029] In accordance with the present invention, each 
of the aspiration conduits 30, the dispensing conduits 
35 and the primary passages 45 include a respective 
port 32, 37 and 46 which terminates at the stator face 
41 (FIGURE 7) for fluid communication with a rotor face 
51 of a rotor element 52 of the valve assembly (FIGURE 
8). In the preferred embodiment, each of the upper com- 
munication ports 46 of the primary passages 45 are 
equidistant from one another and are radially spaced 
about a rotational axis of the rotor element 52. Similarly, 
each of the second aspiration ports 32 and each of the 
second dispensing ports 37 is also equidistant from one 
another and radially spaced about the rotational axis 44. 
FIGURE 7 best illustrates, however, that each of the 
second aspiration ports 32, which incidentally permit flu- 
id communication with the corresponding aspiration ac- 
tuator 21 , are positioned at a radius from the rotation 
axis 44 smaller than that of the upper communication 
ports 46, while each of the second dispensing ports 37 
are positioned at a radius larger than that of the upper 
communication ports. Finally, the upper communication 
ports 46, their corresponding second aspiration ports 32 
and dispensing ports 37 are preferably collinearly 
aligned with a radial line intersecting the rotational axis 
44. 

[0030] It will be appreciated, however, that the corre- 
sponding ports can be alternatively spaced and oriented 
without departing from the true spirit and nature of the 
present invention. For example, while the collinear 
alignment between the corresponding ports 32, 37 and 
46 is preferred, it is not a requirement for functionality 
of the manifold device, as will be apparent. 
[0031] Further, whether the second dispensing ports 
37 and th second aspiration ports 32 are at a radial 
distance less than or greater than the radial distance of 
the upper communication ports 46 of the primary pas- 
sages 45 from the rotational axis 44 is not determinative. 



[0032] In accordance with the present invention, the 
valve assembly 27 and manifold device 28 are particu- 
larly suitable to the application of shear valve or flat face 
valve technology even though a rotary plug, a bank of 

s 3-way solenoid valves, or MEMS device couid be used. 
Thus, turning now to FIGURES 2, 5, 6 and 8, the valve 
assembly 27 is illustrated having rotor element 52 which 
provides the contact or rotor face 51 in opposed sliding 
contact with the stator face 41 at a rotor-stator interface. 

10 This high pressure sliding contact between the stator 
face 41 and the rotor face 51 provide a selective switch- 
ing function between each of the sample paths 33 (i.e., 
the primary passage 45 and nozzle passage 50) and the 
corresponding aspiration actuators 21 or dispensing ac- 

*5 tuators 22, depending upon whether the rotor element 
52 of the valve assembly 27 is in the aspiration condition 
or the dispensing condition. 

[0033] Briefly, both the rotor element 52 and the stator 
face element 53 are composed of conventional shear 

20 valve or flat face valve materials which are adapted to 
support the high pressure contact at the stator-rotor in- 
terface. Typical of these materials include ceramic and 
synthetic composition, many of which are proprietary in 
nature. The rotor element 52 is rotatably mounted to a 

25 shaft which in turn is connected to a gear reduction in- 
side the actuator body 54. The gear reduction is then 
coupled to the motor shaft 55 of a conventional electric 
motor 56 applied in shear valve or flat face valve tech- 
nology. 

30 [0034] As best shown in FIGURE 8, the rotor element 
52 of the valve assembly 27 provides a plurality of 
spaced-apart aspiration channels 57 and dispensing 
channels 58 which are slotted in the substantially planar 
rotor face 51 thereof. Each aspiration channel 57 and 

35 each dispensing channel 58 is elongated in shape, and 
extends generally along a radial line intersecting the ro- 
tational axis 44 of the rotor face 51 . Further, the aspira- 
tion channels 57 and the dispensing channels 58 are 
equally spaced and are oriented in an alternating man- 

40 ner, relative one another. Accordingly, at the rotor-stator 
interface (i.e., the high pressure sliding contact between 
the stator face 41 and the rotor face 51), the rotor ele- 
ment 52 either reciprocates or rotates in one direction 
clockwise or counter clockwise to orient the valve as- 

45 sembly In the aspiration condition or the dispensing con- 
dition. 

[0035] When the rotor element 52 rotates about the 
rotational axis 44 to the aspiration condition, the aspira- 
tion channels 57 slotted into the rotor face 51 are rotated 

50 into alignment with the corresponding upper communi- 
cation port 46 of the primary passages 45 and the sec- 
ond aspiration ports 32 of the aspiration conduits 30 of 
the stator face 41 to provide a fluid communication path 
therebetween (FIGURES 5, 9 and 10). Consequently, a 

55 fluid path is cr ated by the aspiration channel 57 be- 
tween the corresponding sampl path 33 and th corre- 
sponding aspiration actuator 21 . This p rmits selective 
aspiration of the fluid sample or reagent, via the aspira- 
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tion actuator 21 , from the sample reservoir 23 into the 
sample path 33 through the nozzle member. Simultane- 
ously in the aspiration condition, the second dispensing 
ports 37 of the dispensing conduits 35 are dead-ended 
into the rotor face 51 of the rotor element 52. Thus, the 
dispensing actuators 22 are out of fluid communication 
with the corresponding sample paths 33. 
[0036] Subsequently, as FIGURES 6, 11 and 12 illus- 
trat s, the rotor element 52 can be selectively rotated 
about rotational axis 44 to the dispensing condition. The 
radially extending dispensing channels 58, also slotted 
into the rotor face 51 , are consequently rotated into col- 
linear alignment with the corresponding upper commu- 
nication ports 46 and the second dispensing ports 37 of 
the dispensing conduits 35 to provide a fluid communi- 
cation path therebetween. The dispensing channels 58, 
thus, complete the fluid path between the corresponding 
sample path 33 and the corresponding dispensing ac- 
tuator 22 to permit selective dispensing, via the dispens- 
ing actuator 22, of the fluid sample or reagent contained 
in the respective sample path 33. Similarly, in the dis- 
pensing condition, the second aspiration ports 32 cf the 
dispensing conduits 35 are dead-ended into the rotor 
face 51 of the rotor element 52. Thus, the aspiration ac- 
tuators 21 are out of fluid communication with their cor- 
r sponding sample paths 33. Further, it will be appreci- 
ated that all twelve, or any number of, sample paths 33 
can be simultaneously aspirated or dispensed. 
[0037] Accordingly, the shear valve and manifold de- 
vice arrangement of the present invention provides an 
accurate switching functionality between the aspiration 
actuators and the dispensing actuators. As above-indi- 
cated, such switching capability is beneficial in that the 
full potential of the high speed, precision ink-jet style dis- 
pensing actuators can be exploited to dispense the sam- 
ple fluids or reagents from the sample paths. Moreover, 
the modular parallelism of system facilitates fabrication 
of non-contact devices, e.g. 24, 48, 96-tip, suitable to 
the expanding needs of the market. 
[0038] It will be understood that while the valving func- 
tionality of the present invention is particularly adaptable 
for flat face or shear valves, other valve technologies 
are suitable such as solenoid valves, pinch valves and 
micromachined valves, actuated by mechanical, electri- 
cal or pneumatic means. 

[0039] Moreover, each dispensing conduit 35 in- 
cludes an independent dispensing source 22 fiuidly cou- 
pled to its corresponding first dispensing port 36 thereof. 
[0040] As best illustrated in FIGURES 1 and 2, the dis- 
pensing actuators 22 are preferably mounted to a cor- 
responding-dispensing actuator manifold device 28. 
These two opposed dispensing actuator manifolds sep- 
arat and align the individual dispensing actuators into 
two sets of six actuators releasably mounted to the sta- 
tor manifold device 28 as a unit. Each dispensing actu- 
ator 22 includes a delivery orifice 60 which is fiuidly cou- 
pled t a corresponding first dispensing port 36 of the 
dispensing conduit 35. 



[0041] In the preferred mbodiment, each dispensing 
actuator 22 typically delivers a metered pressure pulse 
using a pressure ranging from about 6.9(1 0) 3 N/m 2 to 
about 138(10) 3 N/m 2 , and having a duration ranging 
5 from about (1 0)" 6 seconds to about 1 0 seconds. Prefer- 
ably, the dispensing actuator 22 is provided by a con- 
ventional ink-jet style printing valve or pump designed 
for drop-on-demand printing. Ink-jet style printing 
valves/pumps for drop-on-demand printing, including 
10 thermal, solenoid and piezoelectric types, are commer- 
cially available and well known in the art. For instance, 
the Lee Company of Essex, Connecticut manufactures 
a solenoid-based ink-jet valve (Model No. 
INKX0502600AB) which is suitable for use with the 
15 present invention. Alternatively, conventional syringe 
pumps may be employed for metering as well. 
[0042] The incorporation of ink-jet drop-on-demand 
printing technology into the dispense assembly of the 
present invention provides significant advantages vis-a- 
vis known systems for printing microarrays. In particular, 
the ability to deliver independent, short-duration, ; pres- 
sure pulses associated with ink-jet print valves enables 
the non-contact tunable delivery of reagent sample vol- 
umes in the range of about (10)1° to about (10)-1 2 liters. 
Upon application of a pressure pulse, at least one drop- 
let of sample or reagent fluid is ejected from the manifold 
sample path through the corresponding nozzle member 
48 onto substrate surface 26. As used herein, the term 
"non-contact" refers to the lack of contact between the 
dispense manifold and nozzles, and the target substrate 
during deposition. Typically, in these designs, the fluid 
is communicated through channels micromachined into 
an ink-jet style printhead - such as those commonly 
used in desktop and industrial printers. 
[0043] Preferably these ink-jet drop-on-demand dis- 
pensing actuators are coupled to digitally regulated hy- 
draulic pressure systems (not shown). These systems 
enable precise manipulation of hydraulic pressure sup- 
plied to the dispensing actuators expanding the dynamic 
range of the system. An added benefit is the ability to 
quickly change the pressure range to compensate for 
differences in samples due to particulates or viscosity. 
[0044] The aspiration source 21 , on the other hand, 
are preferably provided by individual aspiration actua- 
tors 21 fiuidly coupled to a corresponding first aspiration 
port 31 through tubing 61. These tubes 61, which are 
preferably inert plastic or the like having an inner diam- 
eter in the range of 0.2 mm to about 3.0 mm, are also 
separated into two banks of six units and each have a 
distal end coupled to a tubing array manifold 62. In turn, 
these opposed tubing array manifolds 62 are mounted 
to the stator manifold device 28 as a unit. 
[0045] It will be appreciated that more than one or all 
of the aspiration conduits 30 can be fiuidly coupled to a 
single aspiration actuator 21 . In the preferred form, the 
aspiration actuator 21 is provided by an external meter- 
ing device such as a syringe-type pump or a diaphragm 
pump, or by a pressurized source delivering a positive 
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or negative pressure to the aspiration conduits 30. Typ- 
ical of these aspiration devices is Model # 2009D pro- 
vided by Innovadyne Technologies, Inc., Rohnert Park, 
CA. 

[0046] In another aspect of the present invention, the 
manifold device 28 is comprised of a plurality of stacked 
plate members 63-66 which collectively cooperate to 
channel the sample fluids from the reservoir wells to the 
designated test sites 25, via the valve assembly 27. As 
above-indicated, the manifold device 28 defines a plu- 
rality of primary passages 45, aspiration conduits 30 and 
dispensing conduits 35 each of which includes a com- 
munication port terminating at the stator face for com- 
munication with the valve assembly 27. 
[0047] Since these individual conduits are independ- 
ent of one another, fabrication is difficult for such a small 
scale. Typically, the diameter of these fluid passages is 
on the order of about 0.001 mm to about 1 .0 mm. More- 
over, these conduits and passages must be capable of 
accommodating the relatively high pressure pulses of 
the dispensing actuators 22 which as mentioned have 
a range from about 6.9(1 0) 3 N/m 2 to about 138(10) 3 N/ 
m 2 , and have a duration in the range from about (10)" 6 
seconds to about (10) 1 seconds. 
[0048] The plate members 63-66 (FIGURES 4 and 
13) are preferably rectangular in shape, each having a 
substantially planar topside and an opposed bottom 
sid . More particularly, the manifold device 28 includes 
a first plate member 63 having a topside surface 67 upon 
which the disk-shaped stator face element 53, defining 
the stator face 41 , is supported. On an opposite side of 
the topside surface 67 of the first plate member 63 is a 
bottomside surface 68 upon which a plurality of horizon- 
tally extending dispensing grooves 70 are formed. 
These grooves are preferably about 0.3 mm in width and 
are about 1 .0 mm deep into the bottomside surface 68, 
depending upon the particular application, A corre- 
sponding first dispensing port 36 extends vertically into 
the first plate member 63 from the topside surface 67 to 
the bottomside surface 68 where it intersects one end 
of a corresponding dispensing groove 70. Similarly, a 
corresponding second dispensing port 37 extends ver- 
tically into the stator face element 53 and first plate 
member 63 from the stator face 41 to the bottomside 
surface 68 where it intersects an opposite end of a cor- 
responding dispensing groove 70. 
[0049] In accordance with this aspect of the present 
invention, a substantially planar topside surface 71 of 
the second plate member 64 is affixedly lamination or 
diffusion bonded to the bottomside surface 68 of the first 
plate member 63 at a first plate/second plate interface. 
Hence, the diffusion bonded second plate member top- 
side surface 71 effectively seals the dispensing grooves 
70 extending into the bottomside surface 68 of the first 
plat memb r63toformth corresponding disp nsing 
conduits 35. 

[0050] Itwillbeappr ciated that the groove formation 
forming the horizontal portions of the dispensing con- 



duits 35 could be provided by both the bottomside sur- 
face 68 of the first plate member 63 and the topside sur- 
face 71 of the second plate member 64, or alternatively, 
only by the second plate topside surface. It will further 

5 be understood that the alignment and orientation of first 
dispensing ports 36 can be positioned at a plurality of 
locations along the topside surface of the first plate 
member without departing from the true spirit and nature 
of the present invention. 

w [0051] Applying a similar technique, the aspiration 
conduits 30 could also have been defined at the first 
plate/second plate interface. However, to assure suffi- 
cient spacing between adjacent conduits to accommo- 
date high pressure nature of the fluid delivery, the aspi- 

15 ration conduits 30 are preferably formed at a separate 
second plateAhird plate interface between the second 
plate member 64 and a third plate member 65. Thus, 
the bottomside surface 72 of the second plate member 
preferably incorporates a plurality of horizontally ex- 

20 tending aspiration grooves 73 (FIGURES 13 and 14) 
which are preferably about 0.5 mm in width and are 
about 0.25 mm deep. 

[0052] A corresponding first aspiration port 31 ex- 
tends vertically into the second plate member 64 from 

25 the topside surface 71 to the bottomside surface 72 
thereof where it intersects one end of a corresponding 
aspiration grooves 73. It will be appreciated that the sec- 
ond plate member includes a pair of opposed wing por- 
tions 75 which extend beyond the peripheral edge of the 

30 first plate member 63. Briefly, these wing portions 75 are 
adapted to accommodate the mounting of the tubing ar- 
ray manifolds 62 thereto. Regarding the second dis- 
pensing ports 37, however, these aligned vertical pas- 
sages extend from the stator face 41 of the stator face 

35 element 53 through both the first plate member 63 and 
the second plate member 64 to the bottomside surface 
72 thereof where it intersects an opposite end of a cor- 
responding aspiration groove 73. 
[0053] Similar to the formation of the dispensing con- 

40 duits 35, a substantially planar topside surface 76 of the 
third plate member 65 is affixedly coupled to the bottom- 
side surface 72 of the second plate member 64 at the 
second plate/third plate interface. Again, applying con- 
ventional lamination or diffusion bonding techniques, 

45 the third plate topside surface 76 can be laminated to 
the second plate bottomside surface 72 to effectively 
seal the aspiration grooves 73 to form the corresponding 
aspiration conduits 30. 

[0054] As best viewed in FIGURES 4A and 13, the 
50 circular pattern of the upper communication port 46 ex- 
tend vertically through the stator element 53. The first 
plate member 63, the second plate member 64 and the 
third plate member 65 also include corresponding co- 
axial ly aligned passage components to collectively form 
55 th primary passages 45 of the sample paths 33 when 
the manifold plat members are laminated together. 
Typically, the transverse cross-sectional area of primary 
passages 45 are on the order of about 0.2 mm 2 to about 
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0.8 mm 2 from the stator face 41 to a bottomside surface 
77 of the third plate member 65. 
[0055] To reorient the circular pattern of the upper 
communication port 46 at the bottomside surface 77 of 
the third plate member 65 to a rectangular pattern of the 
lower communications ports 47, which conforms to the 
spacing of the array of reservoir wells 38 of the microtiter 
plate 40 and test sites 25, a fourth plate member 66 is 
required. As shown in FIGURES 10, 12 and 13, a fourth 
topside surface 76 of the fourth plate includes a plurality 
of horizontally extending repositioning grooves 79. 
These grooves 79 are preferably about 0.5 mm in width 
and are about 0.25 mm deep into the topside surface 
76 of the fourth plate member 66. A corresponding lower 
communication port 47 extends vertically into the fourth 
plate member 66 from a bottomside surface 80 to the 
topside surface 78 thereof where it intersects one end 
of a corresponding repositioning groove 79. The other 
end of the repositioning groove 79 is aligned with the 
corresponding primary passage 45 terminating at the 
bottomside surface 77 of the third plate member 65. 
Again, applying conventional lamination or diffusion 
bonding techniques, the fourth plate topside surface 78 
can be diffusion bonded to the third plate bottomside 
surface 77 to effectively seal the repositioning grooves 
79 to form another portion of the sample path 33. 
[0056] As above-mentioned and as illustrated in FIG- 
URES 2, 5 and 6, fluidly coupled to each lower commu- 
nication port 47 of the primary passage 45 is a corre- 
sponding nozzle member 48 having a nozzle passage 
50 extending therethrough. The elongated nozzle mem- 
ber 48 includes a distal tip portion 81 suitably dimen- 
sioned to extend into a targeted reservoir well 38, in as- 
piration condition, to aspirate sample or reagent fluid in- 
to the sample path 33. Moreover, the 2x6 array of noz- 
zles are spaced apart to conform with the array of res- 
ervoir wells and test sites 25 for simultaneous aspiration 
and dispensing. They can also be redistributed to other 
formats such as 1 x 12. 

[0057] In the preferred embodiment, the diameter of 
the nozzle 50 passages abruptly changes to a smaller 
diameter by means of an orifice, such as a jeweled ori- 
fice. This change in diameter is beneficial in that it facil- 
itates ejection of the sample fluids from the tip when a 
pressure pulse is delivered by the corresponding dis- 
pensing actuator 22. 

[0058] As shown in FIGURE 3, system fluid reservoirs 
82, 83, containing conventional mobile phase fluid 85, 
86, are supplied to the aspiration actuators 21 and the 
disp nsing actuators 22 as a driving fluid. In the aspira- 
tion condition, when rotor element 52 of the valve as- 
sembly 27 is rotated to align the corresponding aspira- 
tion channels 57 to the corresponding upper communi- 
cation ports 46 of the primary passages 45 of the sample 
paths 33 and the second dispensing ports 37 of the as- 
piration conduits 30, the aspiration actuators 21 can b 
first employ d to purge the entir path from the first as- 
piration port 31 of the aspiration conduit all the way to 



th corresponding dispensing orifice of the tip 81 of the 
nozzle member 48. Thus, after the nozzle tips are op- 
tionally cleaned, dean mobile phase fluid replaces any 
sample or reagent fluid from previous operations. 

5 [0059] The transport mechanism (not shown) is then 
operated to position the hybrid valve assembly 27 at the 
reservoir wells 3B where the designated nozzle tips ,81 
are submersed in the targeted reservoir wells. Opera- 
tion of one or more of the syringe pumps 21 draw the 

10 sample or reagent fluids into the corresponding sample 
path 33 in the manifold device 28. The volume of fluid 
aspirated into the corresponding sample path 33, thus, 
can be accurately metered. 

[0060] Subsequently, the transport mechanism can 

15 move the hybrid valve assembly 27 to the test sites 25, 
while the electric motor 56 and drive train 54 rotates the 
rotor element 52 from the aspiration condition to the dis- 
pensing conditon. As mentioned, the aspiration chan- 
nels 57 in the rotor face 51 are moved out of fluid cou- 

20 pHng to the upper communication ports 46 of the primary 
passages 45, while the dispensing channels 58 in the 
rotor face 51 are moved to fluidly couple the second dis- 
pensing ports 37 of the dispensing conduits 35 with the 
corresponding communication ports 46. Essentially, in 

25 the aspiration condition, the second dispensing port 37 
of the dispensing conduit 35 is dead-ended against the 
rotor face 51 , while in the dispensing position, the sec- 
ond aspiration port 32 of the aspiration conduit 30 is 
dead-ended against the rotor face 51 . 

30 [0061] The mobile phase fluid, which is preferably 
substantially similarto that supplied to the aspiration ac- 
tuators, is fluidly coupled to the corresponding dispens- 
ing channels 58 in the rotor face 51 to selectively dis- 
pense the sample fluids from the corresponding nozzle 

35 tips 81 . Accordingly, cross-contamination is minimized 
to the mobile phase fluids contained in the correspond- 
ing dispensing channels 58. This assures that the dis- 
pensing conduits 35 can be substantially maintained 
free of contamination of any sample or reagent fluids. 

40 [0062] In an alternative embodiment of the present in- 
vention, the nozzle passages 50 and corresponding pri- 
mary passages 45 may only be employed to dispense 
the sample or reagent fluid from the sample path 33. 
Unlike the embodiment above-mentioned, the nozzle 

45 member 48, thus, will not be utilized to aspirate the tar- 
geted fluid into the sample path from the source plate. 
Accordingly, as viewed in the embodiments of FIGURES 
1 5 and 1 7, the hybrid valve assembly can load the sam- 
ple path 33 through means other than the nozzle mem- 

so bers 48, while maintaining the isolation of the sample 
path from the dispensing actuator, in the aspiration con- 
dition (FIGURES 15 and 17), and isolation of the sample 
path from the aspiration actuator, in the dispensing con- 
dition (FIGURES 16 and 18). 

55 [0063] Briefly, the manifold body in this configuration 
includes a source conduit, generally designated 87, 
having an upper communication opening 88 terminating 
at the stator face 41 , and an opposite end in fluid com- 
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municationwith the source reservoir 23. Further, as best 
viewed in FIGURES 15, 17 and 19, the contact or rotor 
face 51 of the valve body or rotor element 52 includes 
a sample channel 90 which, in the aspiration condition, 
fluidly couples the second aspiration port 32 of the as- 
piration conduit 30 to the upper communication opening 
88 of the source conduit 87. 

[0064] Accordingly, in the aspiration condition, the as- 
piration actuator 21 is fluidly coupled to the source res- 
ervoirthrough the sample channel 90 formed in the rotor 
face 51 . Upon activation of the aspiration actuator, the 
reagent or sample fluid can be drawn into the sample 
path 33 by way of the source conduit 87 in the manifold 
body 28, To isolate the dispensing actuator 22 from the 
sample path 33, the corresponding second dispensing 
port 37 of the dispensing conduit 35 is dead-ended into 
the rotor face 51 , and thereby out of fluid communication 
with the sample path (FIGURE 17). 
[0065] Once the reagent or sample fluid is aspirated 
into the sample path 33, via the aspiration actuator 21 , 
the valve assembly 27 can be moved to the dispense 
position of FIGURES 16 and 18. In the preferred form, 
the rotor element 52 of the valve assembly is rotated 
about rotational axis 44 for movement from the aspira- 
tion condition to the dispense condition. The sample 
channel 90, containing the reagent or sample fluid, is 
co-aligned with and moved into the fluid communication 
with the second dispensing port 37 of the dispensing 
conduit 35 and the upper communication port 46 of the 
primary passage 45. 

[0066] The dispensing actuator 22 is therefore fluidly 
coupled to the sample path 33 to fluidly dispense the 
r agent or sample fluid out of the nozzle member 48. 
Moreover, to isolate the aspiration actuator 21 from the 
sample path 33, the corresponding aspiration port 32 of 
the aspiration conduit 30 is dead-ended into the rotor 
face 51 , and thereby out of fluid communication with the 
sample path (FIGURE 18). 

[0067] In this embodiment, thus, it will be appreciated 
that the dispensable volume of the sample path 33 is 
essentially the same as that of the sample channel 90. 
When the rotor element 52 rotates to the dispensing 
condition (FIGURES 16 and 18), only the sample or re- 
agent fluid contained in the sample channel 90 is fluidly 
accessible to the dispensing actuator. It will be under- 
stood, however, that volumetric quantities less than the 
full volume of the sample channel 90 may be dispensed 
through precision operation of the dispensing actuator 
22. 

[0068] As best shown in FIGURE 19, each sample 
channel 90 is slotted into the substantially planar rotor 
face 51 of the rotor element 52. Further, each equally 
spaced sample channel 90 is elongated in shape, and 
ext nds generally along a radial line intersecting the ro- 
tational axis 44 of the rotor fac 51 . Accordingly, at the 
rotor-stator int rface (i.e., the high pressure sliding con- 
tact b tween the stator face 41 and the rotor face 51), 
the rotor element 52 either reciprocates or rotates in one 



direction clockwise or counter clockwise to orient the 
valve assembly in the aspiration condition or the dis- 
pensing condition. 

[0069] These sample channels 90 preferably have a 
5 length in the range of about 1.0 mm to about 6.0 mm, 
and have a transverse cross-sectional area of about 0.3 
mm 2 to about 1 mm 2 . Accordingly, the volumetric capac- 
ity of the sample channel 90 is preferably in the range 
of about 0.5 jxl to about 2.0 uJ. In comparison, the pri- 
10 mary passage 45 and the nozzle passage 50 of the out- 
let preferably has a volume in the range of 0. 1 uJ to about 
2.0 pi. 

[0070] The separation of the aspiration duty from the 
nozzle member 48 has several functional advantages. 

*5 one benefit is that the total volume of sample is con- 
tained in the sample channel 90. Unused sample or re- 
agent may be returned to the source, during dispense 
(Fig 18) via the source path 23 significantly reducing 
sample and reagent waste volumes. An added benefit 

20 is that the nozzle member 48 may be greatly reduced in 
length to shorten the dispense path and pre-dispensing. 
[0071 ] Another benefit of this design is that a spacing 
and order of the source reservoir array does not need 
to match that of the targeted test sites. That is, since the 

25 nozzle member 48 are not employed for both the aspi- 
ration and dispensing functions, the aspiration inlets 
(not shown), fluidly coupled to source conduits 87, can 
be set at one spacing and order (e.g., 96 well format), 
while the nozzle members 48 can be set to a different 

30 spacing and order (e.g., 1536 well format). Accordingly, 
the aspiration versatility is substantially increased. For 
example, some applications require individual manipu- 
lation of aspiration tips, such as applications that refor- 
mat individual positive samples to one destination plate 

35 from a multiplicity of positive and negative samples in a 
source plate. 

[0072] In yet another advantage of this design, the 
transverse cross-sectional dimension of the aspiration 
and source conduits 30, 87, on the aspiration side, can 

40 be different from that of the dispensing conduits 35 and 
the primary passages 45 in the manifold device 28 and 
the nozzle passages 50 of the nozzle member 48, on 
the dispensing side. For example, it would be desirable 
to provide a large bore aspiration conduit 30 and source 

45 conduit 87 to facilitate rapid sample aspiration into the 
samplechannel. In contrast, it would be desirable to pro- 
vide a smaller bore for the nozzle passages 50 to facil- 
itate ejection of smaller discrete volumes. Otherwise, 
when a smaller bore is utilized for restrictive flow of the 

50 dispense nozzle, in the previous embodiment, effective 
aspiration is compromised. 

[0073] Lastly, the permissible wider cross-sectional 
dimension of the aspiration inlet allows for the inclusion 
of filtering devices. For example, by incorporating afilter 
55 on the inl t side, small particulates in the r ag nt or 
sample fluid that would normally clog, and rend r use- 
I ss : a small bore nozzl can be removed. Such afilt r 
could be exchangeable and would contain a high sur- 
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face area allowing for filtering of particulates without fre- 
quent clogging. Typical of such filtering devices include 
frits commonly used in solid phase extraction or liquid 
chromatography devices. 

[0074] Referring back to FIGURES 15 and 16, this 
embodiment of the present invention may further in- 
clude a flush passage 91 in the manifold device 28 hav- 
ing an upper central flush port 92 terminating at the sta- 
tor face 41 , and an opposite end in fluid communication 
with a flush source 93. The central flush port 92 is 
aligned substantially co-axial with the rotational axis 44 
of the rotor element 52 for continuous fluid communica- 
tion with a flush channel 95 slotted in the rotor face 51 
(FIGURE 19). 

[0075] In the aspiration condition of FIGURES 15 and 
1 7, this flush channel 95 in the rotor element 52 is f luidly 
couples the flush port 92 of the flush passage 91 to the 
upper communication port 46 of the corresponding pri- 
mary passage 45. Thus, while the reagent or sample 
fluid is being aspirated into the corresponding sample 
path 33, the primary passages 45 and the nozzle pas- 
sag s 50 may be simultaneously flushed or cleaned with 
wash fluid or the like from the wash source 93. In con- 
trast, when the rotor element is rotated to the dispensing 
condition of FIGURES 16 and 18, the flush channel 95 
slotted in the rotor face fluidly couples the flush pert 92 
of the flush passage 91 to the upper communication 
opening 88 of the source conduit 87. Therefore, when 
the reagent or sample fluid is being dispensed from the 
sample path 33 through the corresponding nozzle mem- 
ber 48, unused sample or reagent could be returned to 
the source reservoir 23 and the aspirate path flushed. 
[0076] Preferably, the flush channel 95 is provided by 
a plurality of equally spaced elongated slots which ex- 
tend generally along a radial line intersecting the rota- 
tional axis 44 of the rotor face 51 . These radially extend- 
ing flush channels intersect at the rotational axis 44 so 
that the flush channels are in continuous fluid commu- 
nication with the central flush port 92. As shown in FIG- 
URE 20, the upper communication ports 46 of the pri- 
mary passages 45 and the upper communication open- 
ings 88 of the source conduits 87 are alternately spaced 
about the rotational axis 44. Accordingly, each rotation 
movement of the rotor element 52 between the aspira- 
tion condition (FIGURES 15 and 17) and the dispensing 
condition (FIGURES 1 6 and 1 8) alternates fluid commu- 
nication with the nozzle passages 50 and the source 
conduits 87. 

[0077] Accordingly, at the rotor-stator interface (i.e., 
the high pressure sliding contact between the stator face 
41 and the rotor face 51), the rotor element 52 either 
reciprocates or rotates in one direction clockwise or 
counter clockwise to orient the valve assembly in the 
aspiration condition or the dispensing condition. 
[0078] Although only a few embodiments of the 
present inventions have been described in detail, it 
should be understood that th present inventions may 
be embodied in many other specific forms without de- 



parting from the spirit or scope of the inventions. 



Claims 

5 

1 . A hybrid valve apparatus for use with an aspiration 
actuator and a dispensing actuator to transfer fluid 
from a reservoir to a test site on a substrate surface 
comprising: 

10 

a valve assembly movable between an aspira- 
tion condition and a dispensing condition; and 
a manifold device providing a fluid aspiration 
conduit having a first aspiration port in fluid 
15 communication with the aspiration actuator, 

and a second aspiration port in selective fluid 
communication with the valve assembly to se- 
lectively aspirate a liquid sample slug from the 
reservoir into a discrete sample path when the 
20 valve assembly is in the aspiration condition, 

said manifold device further providing a fluid 
dispensing conduit having a first dispensing 
port in fluid communication with the dispensing 
actuator, and a second dispensing port in se- 
25 lective fluid communication with the valve as- 

sembly to selectively dispense at least one 
droplet of the liquid sample slug from the sam- 
ple path when the valve assembly is in the dis- 
pensing condition, 

30 

wherein, in the aspiration condition, said sam- 
ple path is out of fluid communication with the dis- 
pensing actuator and, in the dispensing condition, 
said sample path is out of fluid communication with 
35 the aspiration actuator. 

2. The hybrid valve apparatus as defined by claim 1 , 
wherein 

said manifold includes a primary passage de- 
*o fining at least a portion of the sample path. 

3. The hybrid valve apparatus as defined by claim 2, 
further including: 

45 a nozzle member having one end fluidly cou- 

pled to said primary passage and an opposite 
end terminating at a dispensing orifice config- 
ured to dispense said droplet. 

so 4. The hybrid valve apparatus as defined by claim 3, 
wherein 

said primary passage is of a transverse cross- 
sectional area from about 0.2 mm 2 to about 0.8 
55 mm 2 , 

5. Th hybrid valve apparatus as defined by claim 1 , 
wherein 
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said manifold device includes a stator face 
containing the second aspiration port and the sec- 
ond dispensing port, and said valve assembly in- 
cludes a valve body having a contact face slideably 
contacting the stator face at a stator-contact inter- 
face for sliding sealed contact between 

the aspiration condition, fluidly coupling the 
second aspiration port to the sample path, and 
the dispensing condition, fluidly coupling the 
second dispensing port to the sample path. 

6. The hybrid valve apparatus as defined by claim 5, 
wherein 

said contact face of the valve body includes 

an aspiration channel, fluidly coupling the sec- 
ond aspiration port to the sample path through 
the aspiration channel, in the aspiration condi- 
tion, and 

a dispensing channel, fluidly coupling the sec- 
ond dispensing port to the sample path through 
the dispensing channel, in the dispensing con- 
dition. 

7. The hybrid valve apparatus as defined by claim 6, 
wherein 

said manifold device includes a primary pas- 
sage defining at least a portion of the sample path, 
and having an upper communication port terminat- 
ing at the stator face for fluid communication with 
the aspiration channel in the aspiration condition, 
and for fluid communication with the dispensing 
channel in the dispensing condition. 
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8. The hybrid valve apparatus as defined by claim 7, 
further including: 

a nozzle member having one end fluidly cou- 
pled to said primary passage and an opposite 
end terminating at a dispensing orifice config- 
ured to dispense said droplet. 

9. The hybrid valve apparatus as defined by claim 6, 
wherein 

at least one of said valve body and said mani- 
fold device is rotatable about a rotation axis ex- 
tending substantially perpendicular to the sta- 
tor-contact interface to rotate said contact face, 
said aspiration channel and said dispensing 
channel relative to the stator face between the 
aspiration condition and the dispensing condi- 
tion. 

10. The fluid transfer apparatus as defined by claim 9, 
wherein 

said dispensing channel and said aspiration 
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channel extend in a direction substantially radially 
about said rotational axis. 

11. The fluid transfer apparatus as defined by claim 5, 
wherein 

said manifold device includes 

a primary passage having an upper communi- 
cation port terminating at the stator face, and 
an opposite end in fluid communication with a 
nozzle member having a dispensing orifice 
configured to dispense said droplet, and 
a source conduit having an upper communica- 
tion opening terminating at the stator face, and 
an opposite end in fluid communication with the 
reservoir. 

12. The fluid transfer apparatus as defined by claim 1 1 , 
wherein 

said contact face of the valve body includes a 
sample channel forming at least a portion of the 
sample path, said sample channel fluidly cou- 
pling the second aspiration pert of the aspira- 
tion conduit to the upper communication open- 
ing of the source conduit, in the aspiration con- 
dition, and fluidly coupling the second dispens- 
ing port of the dispensing conduit to the upper 
communication port of the primary passage, in 
the dispensing condition. 

13. The fluid transfer apparatus as defined by claim 12, 
wherein 

said manifold device includes a flush passage 
having an upper flush port terminating at the 
stator face, and an opposite end in fluid com- 
munication with a flush source, and 
said contact face of the valve body includes a 
flush channel fluidly coupling the flush port of 
the flush passage to the upper communication 
port of the primary passage, in the aspiration 
condition, to flush said nozzle member, and flu- 
idly coupling the flush port to the upper commu- 
nication opening of the source conduit, in the 
dispensing condition. 

14. The fluid transfer apparatus as defined by claim 1 , 
further including: 

a digitally regulated hydraulic pressure system, 
in fluid communication with the dispensing ac- 
tuator for precision operation thereof. 

15. A manifold d vice for us with a valve assembly, an 
aspiration sou rc andadisp nsing source to trans- 
fer fluid from at I ast one of a plurality of fluid res- 
ervoirs to at least one test site on a substrate sur- 
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face, said valve assembly including a rotor face de- 
fining a plurality of discrete communication chan- 
nels each movable as a unit between an aspiration 
condition and a dispensing condition as the valve 
assembly rotates relative its rotational axis, said 
manifold device comprising: 

a manifold body defining a plurality of fluid as- 
piration conduits each having a first aspiration 
port in fluid communication with the aspiration 
source, and a second aspiration port in selec- 
tive fluid communication with a corresponding 
communication channel of the valve assembly 
to aspirate a respective liquid sample slug from 
a corresponding reservoir of sample fluid into 
discrete sample paths when the valve assem- 
bly is in the aspiration condition, said manifold 
body further defining a plurality of fluid dispens- 
ing conduits each having a respective first dis- 
pensing port in fluid communication with the 
dispensing source, and a second dispensing 
port in selective fluid communication with a cor- 
responding communication channel of the 
valve assembly to selectively dispense at least 
one droplet of the corresponding liquid sample 
slug from the corresponding sample path when 
the valve assembly is in the dispensing condi- 
tion, 

wherein, in the aspiration condition, said re- 
spective sample paths are out of fluid communica- 
tion with the dispensing source and, in the dispens- 
ing condition, said respective sample paths are out 
of fluid communication with the aspiration source. 

1 6. The manifold device as defined by claim 1 5, where- 
in 

said manifold body includes a statorface con- 
taining the second aspiration ports and the second 
dispensing ports, and formed for rotational sliding 
contact with the rotor face at a rotor-stator interface 
for sliding sealed contact between 

the aspiration condition, fluidly coupling the 
corresponding second aspiration port to the 
corresponding sample path, and 
the dispensing condition, fluidly coupling the 
corresponding second dispensing port to the 
corresponding sample path. 

1 7. The manifold device as defined by claim 1 6, where- 
in 

said stator face is substantially planar. 

18. The manifold device as defined by claim 1 6, where- 
in 



said manifold body includes a plurality of prima- 
ry passages each having an upper communi- 
cation port terminating at the stator face such 
that said respective communication channel 
5 fluidly couples the corresponding primary pas- 

sage to the aspiration source in the aspiration 
condition, and fluidly couples the respective pri- 
mary passage to the dispensing source in the 
dispensing condition. 

10 

19. The manifold device as defined by claim 1 8, further 
including: 

a plurality of removable nozzle members 
*s mounted to said manifold body, and each hav- 

ing one end fluidly coupled to a corresponding 
primary passage and an opposite end terminat- 
ing at a dispensing orifice configured to dis- 
pense a respective droplet. 

20 

20. The manifold device as defined by claim 15,wherein 

said manifold body includes at least two plate 
members fixedly mounted together in a manner 
25 cooperatively defining at least one of said as- 

piration conduits and said dispensing conduits. 

21 . The manifold device as defined by claim 20,wherein 

50 said at least two plate members includes a first 

plate member having a bottomside surface and 
a second plate member having an opposed top- 
side surface fixedly joined therebetween at a 
first interface, at least one of said bottomside 

35 surface and said topside surface defining a plu- 

rality of first grooves which cooperate with the 
other of the topside surface of the second plate 
member and the bottomside surface of the first 
plate member to define at least one of the as- 

40 piration conduits or the dispensing conduits. 

22. The manifold device as defined by claim 21 . where- 
in 

45 each said second aspiration port and said sec- 

ond dispensing port terminates at a statorface 
of the first plate member which is oriented op- 
posite the bottomside surface thereof, said sta- 
tor face being configured for rotational sliding 

50 contact with the rotor face at a rotor-stator in- 

terface. 

23. The manifold device as defined by claim 22 : where- 
in 

55 

said manifold body includ s a plurality of prima- 
ry passages each having an upper communi- 
cation port terminating at the stator face such 
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that said respective sample channel fluidly cou- 
ples the corresponding primary passage to the 
aspiration source in the aspiration condition, 
and fluidly couples the respective primary pas- 
sage to the dispensing source in the dispensing 
condition. 

24. The manifold device as defined by claim 21 , where- 
in 

said topside surface and said bottomside sur- 
face are substantially planar. 

25. The manifold device as defined by claim 21 , where- 
in, 



10 



15 



said second plate member includes a bottom- 
side surface positioned opposite said topside 
surface thereof, and further including: 
a third plate member having a topside fixedly 
joined to the bcttornside surface of the second 
plate member at a second interface, at least 
one of said bottomside surface of the second 
plate member and the topside surface of the 
third plate member defining a plurality of sec- 
ond grooves which cooperate with the other of 
the topside surface of the third plate member 
and the bottomside surface of the second plate 
member to define at least the other of the aspi- 
ration conduits or the dispensing conduits. 

26. The manifold device as defined by claim 25, where- 
in 

each said second aspiration port and said sec- 
ond dispensing port terminates at a stator face 
of the first plate member which is oriented op- 
posite the first interface surface, said stator 
face being configured for rotational sliding con- 
tact with the rotor face at a rotor-stator inter- 
face. 

27. A fluid transfer apparatus for transferring fluid from 
a reservoir to a test site on a substrate surface com- 
prising: 



face between: 

an aspiration condition, fluidly coupling the 
second aspiration port to a discrete sample 
path to selectively aspirate a liquid sample 
slug from the reservoir into the sample 
path, while fluidly decoupling the second 
dispensing port from the sample path to 
prevent fluid communication with the dis- 
pensing source, and 

a dispensing condition, fluidly coupling the 
dispensing port to the sample path to se- 
lectively dispense at least one droplet of 
the liquid sample slug therefrom, while flu- 
idly decoupling the second aspiration port 
from the sample path to prevent fluid com- 
munication with the aspiration source. 

28. The fluid transfer apparatus as defined by claim 27, 
20 wherein 

said manifold includes a primary passage de- 
fining at least a portion of the sample path, and 
having a upper communication port terminating 
25 at the stator face . 

29. The fluid transfer apparatus as defined by claim 28, 
further including: 

30 a nozzle member having one end fluidly cou- 

pled to said primary passage and an opposite 
end terminating at a dispensing orifice config- 
ured to dispense said droplet. 

35 30. The fluid transfer apparatus as defined by claim 27, 
wherein 

said valve assembly includes a valve body 
having a contact face slideably contacting the stator 
face at a stator-contact interface for sliding sealed 
40 contact between 

the aspiration condition, fluidly coupling the 
second aspiration port to the sample path : and 
the dispensing condition, fluidly coupling the 
45 second dispensing port to the sample path. 

31 . The fluid transfer apparatus as defined by claim 30, 
wherein 

said contact face of the valve body includes 

an aspiration channel, fluidly coupling the sec- 
ond aspiration port to the sample path through 
the aspiration channel, in the aspiration condi- 
tion, and 

a disp nsing channel, fluidly coupling the s c- 
ond dispensing port to the sample path through 
the dispensing chann I, in the dispensing con- 
dition. 



an aspiration source; 
a dispensing source; 

a manifold device providing a fluid aspiration 
conduit having a first aspiration port in fluid so 
communication with the aspiration source, and 
a second aspiration port terminating at a stator 
face, said manifold device further providing a 
fluid dispensing conduit having a first dispens- 
ing port in fluid communication with th dis- 55 
pensing source, and a second dispensing port 
t rminating at th stator face; and 
a valve assembly cooperating with the stator 
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32. The fluid transfer apparatus as defined by claim 31 , 
wherein 

said manifold device includes a primary pas- 
sage defining at least a portion of the sample 
path, and having an upper communication port 
terminating at the stator face. 

33. The fluid transfer apparatus as defined by claim 32, 
wherein 

said valve body is rotatably mounted about a 
rotation axis extending substantially perpendic- 
ular to the stator-contact interface to rotate said 
contact face, said aspiration channel and said 
dispensing channel relative to the stator face 
between the aspiration condition and the dis- 
pensing condition. 

34. The fluid transfer apparatus as defined by claim 33, 
wherein 

said dispensing channel and said aspiration 
channel extend in a direction substantially ra- 
dially about said rotational axis. 

35. The fluid transfer apparatus as defined by claim 30, 
wherein 

said manifold device includes 

a primary passage having an upper communi- 
cation port terminating at the stator face, and 
an opposite end in fluid communication with a 
nozzle member having a dispensing orifice 
configured to dispense said droplet, and 
a source conduit having an upper communica- 
tion opening terminating at the stator face, and 
an opposite end in fluid communication with the 
reservoir. 

36. The fluid transfer apparatus as defined by claim 35, 
wherein 
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having an upperfushp rt terminating atth sta- 
tor face, and an opposite end in fluid communi- 
cation with a flush source, and 
said contact face of the valve body includes a 
flush channel fluidly coupling the flush port of 
the flush passage to the upper communication 
port of the primary passage, in the aspiration 
condition, to flush said nozzle member, and flu- 
idly coupling the flush port to the upper commu- 
nication opening of the source conduit, in the 
dispensing condition. 

38. The fluid transfer apparatus as defined by claim 
30,wherein 

said manifold device includes at least two plate 
members fixedly mounted together in a manner 
cooperatively defining at least one of the aspi- 
ration conduit and said dispensing conduit. 



25 



39. The fluid transfer apparatus as defined by claim 
38,wherein 

said at least two plate members includes a first 
plate member having a first interface surface 
and a second plate member having an opposed 
second interface surface fixedly joined there- 
between at a first interface, said first interface 
surface defining a first groove which cooper- 
s'* ates with the second interface surface of the 
second plate member to define at least one of 
the aspiration conduit and the dispensing con- 
duit. 

35 40. The fluid transfer apparatus as defined by claim 39, 
wherein 

said stator face of the first plate member is ori- 
ented opposite the first interface surface, and 
40 said stator face is configured for rotational slid- 

ing contact with the contact face at a contact- 
stator interface. 



said contact face of the valve body includes a 
sample channel forming at least a portion of the 
sample path, said sample channel fluidly cou- 
pling the second aspiration port of the aspira- 
tion conduit to the upper communication open- 
ing of the source conduit, in the aspiration con- 
dition, and fluidly coupling the second dispens- 
ing port of the dispensing conduit to the upper 
communication port of the primary passage, in 
the dispensing condition. 

37. The fluid transfer apparatus as defined by claim 36, 
wh rein 

said manifold device includes a flush passage 



41 . The fluid transfer apparatus as defined by claim 40, 
45 wherein 

said stator face and said contact face are sub- 
stantially planar. 

so 42. The fluid transfer apparatus as defined by claim 27 
wherein 

said dispensing source includes drop-on de- 
mand ink-jet printing valving. 

55 

43. Thefluidtransferapparatusasdefinedin42,furth r 
including 
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a digitally regulated hydraulic pressure syst m 
which supplies a computer-selectable fluid 
pressure head to the ink-jet printing valving to 
effectively alter the dispensing range. 

44. The fluid transfer apparatus as defined in 42, 
wherein 

said ink-jet printing valving is adapted to artic- 
ulate the voltages that are pulse width-inde- 
pendent to enable improved dispensing preci- 
sion. 

45. The fluid transfer apparatus as defined by claim 42 
wherein 

said ink-jet printing valving is one of a thermal 
ink-jet valve, a solenoid ink-jet valve, a piezoe- 
lectric ink-jet valve, and a pneumatic pilot valve. 

46. The fluid transfer apparatus as defined by claim 27 
wherein 

said aspiration source includes a syringe-type 
metering device. 

47. The fluid transfer apparatus as defined by claim 46 
wherein 



said syringe-type metering device includes a so 
multiple selector valve connecting a single sy- 
ringe-type metering device to multiple fluid 
paths. 

48. The fluid transfer apparatus as defined by 27 35 
wherein 



said aspiration source includes a diaphragm 
pump-type metering device. 

49. The fluid transfer apparatus as defined by 27 
wherein 
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said aspiration source includes a peristaltic 
pump-type metering device. 45 

50. The fluid transfer apparatus as defined by claim 27, 
wherein 



said aspiration source includes a plurality of as- 
piration actuators, and 

said dispensing source includes a plurality of 
dispensing actuators to transfer flu id from a plu- 
rality of fluid reservoirs to a plurality of test sites 
on a substrate surface, and 
said manifold device including a plurality of fluid 
aspiration conduits each having a first aspira- 
tion port in fluid communication with a corre- 
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sponding aspiration actuator, and a second as- 
piration port terminating at the stator face for 
selective fluid communication with the valve as- 
sembly to selectively aspirate a respective liq- 
uid sample slug from a corresponding reservoir 
of sample fluid into discrete sample paths when 
the valve assembly is in the aspiration condi- 
tion, said manifold body further defining a plu- 
rality of fluid dispensing conduits each having 
a respective first dispensing port in fluid com- 
munication with a corresponding dispensing 
actuator, and a second dispensing port termi- 
nating at the stator face for selective fluid com- 
munication with the valve assembly to selec- 
tively dispense at least one droplet of the cor- 
responding liquid sample slug from the corre- 
sponding sample path when the valve assem- 
bly is in the dispensing condition wherein, in the 
aspiration condition, each respective sample 
path is out of fluid communication with the re- 
spective dispensing actuator and, in the dis- 
pensing condition, each respective sample 
path is out of fluid communication with the re- 
spective aspiration actuator. 

51 . The fluid transfer apparatus as defined by claim 50, 
wherein 

said valve assembly includes a valve body 
having a contact face slideably contacting the stator 
face at a stator-contact interface for sliding sealed 
contact between 

the aspiration condition, fluidly coupling each 
of the second aspiration ports to the corre- 
sponding sample path, and 
the dispensing condition, fluidly coupling each 
of the second dispensing ports to the corre- 
sponding sample path. 

52. The fluid transfer apparatus as defined by claim 51 , 
wherein 

said contact face of the valve body includes 

a plurality of aspiration channels, each fluidly 
coupling the corresponding second aspiration 
port to the corresponding sample path through 
the corresponding aspiration channel, in the as- 
piration condition, and 

a plurality of dispensing channels, each fluidly 
coupling the corresponding second dispensing 
port to the corresponding sample path through 
the corresponding dispensing channel, in the 
dispensing condition. 

53. The fluid transfer apparatus as d fined by claim 52, 
wher in 

said manifold device includes a plurality of pri- 
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mary passages ach defining at least a portion 
of a respective sample path, each having a up- 
per communication port terminating at the sta- 
torface such that a respective aspiration chan- 
nel fiuidly couples a respective primary pas- 
sage to a respective aspiration actuator, in the 
aspiration condition, and a respective dispens- 
ing channel fiuidly couples a respective primary 
passage to a respective dispensing actuator in 
the dispensing condition. 

54. The fluid transfer apparatus as defined by claim 53, 
wherein 

said manifold device includes a first plate mem- 
ber having a first interface surface and a sec- 
ond plate member having an opposed second 
interface surface fixedly joined therebetween at 
a first interface, said first interface surface de- 
fining a plurality of first grooves each of which 
cooperates with the second interface surface of 
the second plate member to define at least one 
of the plurality of aspiration conduits and the 
dispensing conduits. 

55. The fluid transfer apparatus as defined by claim 53, 
wherein said manifold is comprised of one of glass, 
synthetics or stainless steel. 

56. The fluid transfer .apparatus as defined by claim 51 , 
wherein 

said manifold device includes 

a plurality of primary passages each having an 
upper communication port terminating at the 
stator face, and an opposite end in fluid com- 
munication with a respective nozzle member 
having a dispensing orifice configured to dis- 
pense said droplet, and 
a plurality of source conduits each having an 
upper communication opening terminating at 
the stator face, and an opposite end in fluid 
communication with the reservoir 

57. The fluid transfer apparatus as defined by claim 56, 
wherein 

said contact face of the valve body includes a 
plurality of sample channels each forming at 
least a portion of the corresponding sample 
path, each said sample channel fiuidly coupling 
the corresponding second aspiration port of the 
aspiration conduit to the corresponding upper 
communication opening of the source conduit, 
in the aspiration condition, and fiuidly coupling 
the corresponding second dispensing port of 
the dispensing conduit to the corresponding up- 
per communication port of the primary pas- 



sage, in th dispensing condition. 

58. The fluid transfer apparatus as defined by claim 57, 
wherein 

said manifold device includes a flush passage 
having an upper flush port terminating at the 
stator face, and an opposite end in fluid com- 
munication with a flush source, and 
said contact face of the valve body includes a 
flush channel fiuidly coupling the flush port of 
the flush passage to the respective upper com- 
munication ports of the primary passages, in 
the aspiration condition, to flush said nozzle 
members, and fiuidly coupling the flush port to 
the respective upper communication openings 
of the source conduits, in the dispensing con- 
dition. 

59. A method of transferring liquid sample from a fluid 
reservoir to a test site on a target substrate com- 
prising: 

providing afluid manifold device defining afluid 



25 aspiration conduit having a first aspiration port 

in fluid communication with an aspiration actu- 
ator and a second aspiration port in fluid com- 
munication with the valve assembly, said man- 
ifold device further defining a fluid dispensing 

so conduit having a first dispensing port in fluid 

communication with the dispensing actuator 
and a second dispensing port in fluid commu- 
nication with the valve assembly; 
positioning the valve assembly in an aspiration 

35 condition, fiuidly coupling the aspiration actua- 

torto a discrete sample path, andfluidly decou- 
pling the dispensing actuator from the sample 
path; 

actuating the aspiration actuator to aspirate a 
40 liquid sample slug from a sample reservoir into 

the sample path; and 

positioning the valve assembly in a dispensing 
condition, fiuidly coupling the dispensing actu- 
ator to the sample path, and fiuidly decoupling 
45 the aspiration actuator from the same path. 

60. The method according to claim 59, wherein 

said manifold device includes a primary pas- 
50 sage having a upper communication port termi- 

nating a stator face of the manifold, said stator 
face further containing the second aspiration 
port and the second dispensing port. 

55 61 . The method according to claim 60, wherein 

said positioning the valve assembly to the as- 
piration condition or the dispensing condition 
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includes slideably engaging a contact face of 
the valve assembly against the stator face of 
the manifold device at a stator-contact inter- 
face, to fluidly couple the aspiration actuator to 
the sample path orfluidly couple the dispensing 
actuator to the sample path, respectively. 

62. The method according to claim 61 , wherein 

said slideably engaging includes rotating an 
aspiration channel and a dispensing channel in the 
contact face of the valve assembly about a rotation 
axis thereof, relative the stator face, to 

fluidly couple the upper communication port 
with the second aspiration port, through the as- 
piration channel, in the aspiration condition, 
and 

fluidly couple the upper communication port 
with the second dispensing port through the 
dispensing channel, in the dispensing condi- 
tion. 
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